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% High sensltivfty, high gratniness light-sensmve silver hallde photographic material. 

@ A light-sensitive silver haiide photographic mafeerial having at least one layer of emulsion layer containing an 
emulsion which is a silver haiide emulsion containing stiver iodobnMnide grains having 3 or more phases of silver 
broinnide or silver iodol^romide with different compositions, the emulsion having, in the diffraction signal 
according to powdery X-ray diffraction. 3 or more diffraction maximums based on the diffraction peak 
conresponding to the miaximum ipdnie content phase, the diffraction peak corresponding to the minimum Iodine 
content phase and one or plural number of diffraction peaks corresponding to the intermediate iodine content 

^ phase comprising intermediate compositions between the maximum iodine content phase and the minimum 

4C Iodine content phase, and two or more diffraction minimums therebetween. 

0> 

^ According to the present Invention, there can be obtained a fight-sensitive silver haiide photographic material 
, ip>with high sensitivity and high gralnlness. 
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High sensRIvtty, high gralnlness (fght-^^ ilverhalid photograpMo material 

BACKGROUND OF THE INVENTION 



This invention relates to a light-sensitive silver halide photographic material, mor particularly to a fight- 
s sensitive silver hafide photographic material tiaving high sensitivity and improved graininess. 

It has been increasingty demanded to Improve image quality for light-sensitive silver halide photo- 
graphic material. Particulariy. practical application of a high sensitl^ film of ISO 1000 or higher in the field 
of color nega film and prevalence of a compact camera of small fbrmat as represented by disc film have 
brought dbquX enlargement of photographing chances, but on the other hand, irtvited fowering in image 
70 quality of print, of which improvement has been desired. Particularly, concerning graininess which is an 
important factor determining the quality of color photographic image, many studies have been done 
primarily about silver halide emulsions. 

Already, a silver iodot>romide emulsion containing 5 mol% or more of silver iodide has been known as 
the silver halicle emulsion having high sensitivity and excellent graininess. Further, as the improved sliver 
75 iodobromide emulsion, the core^hell type sliver halide emulsion containing 5 mol% or more of silver iodide 
has been abundantly studied. Particulariy, for use in color nega films, much studies have been done about 
silver lodpbromide emulsions of the core/sheli type with a high silver iodide content phase containing 10 
mol % or more of silver iodide in an inner part. 

Jsipanese Unexamined Patent Publication No. 245151/1986 discloses the core/shell type emulsion 
20 Improved In graininess. and Japanese Unexamined Patent Pubfications Nos. 143331/1985, 147727/1985 and 
254032/1985 disclose the core/shell type emulsions with high aiver iodide content 

However, these emulsions proved to be still Insufficient in sensitivity and graininess. 

The present inventors have examined in detail about the causes for these, and consequently found that 
the cause for the former is that uniformization of high Iodine content phase and tow iodine content phase 
26 can easily occur during preparation of the coret/shell type emulsion having a core with high content of silver 
Iodide, whereby there is involved the drawback that silver halide grains with indistinct phase struchjre are 
formed. Also, as to the latter, atthough separation between high iodine content phase and low iodine content 
phase may be distinct, they were found to be silver halide grains having separation of substantially two 
different Iodine phases. 

30 

SUMMARY OF THE INVENTION 

35 An object of the present inventkm is to provide a light-sensitive silver hafide photographic material 
having high sensitivity and high graininess. 

The present inventors have studied Intensively, and consequently found that the object of the present 
invention can be accomplished by a Hght-sensitive silver halide photographic material having at least one 
layer of emulsion layer containing an emulsion which is a silver halide emulsion containing silver 

40 iodobromlde grains having 3 or more phases of silver bromide or silver todotiromide with different 
composHrans, said emulston having, in the diffraction signal according to powdery X-ray diffractton. 3 or 
more diffraction maximums based on the diffraction peak corresponding to the maximum iodine content 
phase ff>ereinafter abbreviated as maximum iodine phase), the diffraction peak corresponding to the 
minimum iodine content phase (hereinafter abbreviated as minimum iodine phase) and one or plural 

45 number of diffraction peaks con^Sponding to the intermediate iodine content phase (hereinafter abbreviated 
as intennediate iodine phase) comprising intermediate compositions between said maximum iodine phase 
and s&dd minimum iodine phase. arKi two or more diffraction mtnimums therebetween. 

so BRIEF DESCRIPTION OF THE DRAWING 



Rg. 1 represents a X-ray diffraction pattem of emulsion grains, with the axis of abscissa showing 
diffraction stfigle (20) and the axis of ordinate diffra^ 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



In the present inv ntion. at least one layer of th silver halide emulsion layers contains the silver 

5 iodot}roniid emulsion of tn present inv ntion. 

In th method for measuring powdery X-ray diffraction imag . for exampf . synchrotron orbit radiation 
from the storage ring described in **New Experimental Chemistry Course. Basic Technology 5. Structural 
Analysis" (Maruzen. 1977). p.81> which is made monochromatic by the monochrometer using a single 
crystal descritied in the same nterature on pages ^ • 84« can be as tl^ X-ray light source. 

70 In the measurement of the present invention, the half value width obtained when the powdery X-ray 
diffraction of silicon (111) was measured with tt« use of X-ray having a wavelength of 1.4908 A otrtained by 
diffracting twice the synchrotron orbit radiation with a curved silicon singie crystal (ill) was found to be 
0.043 ' (2e ). 

Specific examples of the X-ray diffraction mettiod utilizing synchrotron orbit radiation can be seen in 

16 Photon Factory Acth/ity Report Vol. 3. p.l05 (1985). Also, the X-ray monochrometer using a single crystal 
is describwj In more detail in International Tables For X-ray Crystallography, Vol. 3, P. 79 - 86. 

In the silver haflde emulsion in the present invention, the diffraction signal corresponding to the 
diffraction line (420) of silver ibdobromide has 3 or more of diffraction maximums as the total of the 
diffraction peak conresponding to the maximum iodine phase, the diffraction peak corresponding to the 

20 minimum iodine phase and one or a plural nun^tser of diffraction peaks corresptxiding to the iodine phase 
comprising intermediate compositions t)etween said maximum iodine phase and said minimum iodine 
phase, and two or more diffraction minimums therebetween. It is preferable that diffraction intensity 
corresponding to the phase which gives the highest iritensity among the diffraction rnaximums should be 1 
to 50 times, more preferably 1 to 20 times, particularly 1 to 10 times, relative to tiie diffraction intensity 

25 corresponding to the phase which gives the towest intensity among tiie diffraction maximums. 

As tiie emulsion having a clear phase structure of 3 or more phases in the present invention, one with 
the diffraction intensity of the minimum value sandwiched between any adjacent two diffraction nriaximums 
being 95 % or less of tfie weaker one of the adjacent two diffraction maximums (peaks) is preferred. Furttier 
preferably, it is 90 % or less. 

30 The noise of the device will not be counted. 

The phase structure of 3 or more phases of silver bromide or silver iodobromide in the present 
invention can be judged by the mettiod of X-ray diffraction. Exarrn^les of application ol X-ray diffraction 
method to silver halide grains are described in the literature of H. Hirsch. Journal of Photographic Science, 
Vol. 10 (1962). P.129 et seq. etc When lattice constants are determined depending on the halogenic 

35 composition, peaks of diffraction occur at diffiraction angles which satisfy the condition of Bragg (2dsin9 = 
nx). 

Even In the case of an emulston where many , kinds of grains with different halogenic compositions 
comprising respectively uniform phases co-exist, a plural numfc»r of peaks may sometimes appear in the 
above X-ray diffractkm. 

40 In such emulsion, no excellent photographic performance obtainable in the present invention can be 
obtained. 

As other mettiod ttian ttie X-ray diffraction metiiod. EPMA metiiod (Electron-Probe Micro Analyzer 
method) also renders possible the judgement whether the silver halide emulsion is the emulsion according 
to the present invention or an emulsion as mentioned atxive wherein many kinds of silver halide grains co- 
45 exist 

This method can perform elemental analysis of extremely fine portion by X-ray analysis by electron 
beam excitation In which a sample comprising emulsion grains well dispersed so as to be not contacted 
with each other is prepared and irradiated with electron beam. 

According to tiiis metiiod. by determining the characteristic X-ray intensity of silver and iodine radiated 
so fnm the nespective grains, the halogenic compositions of the individual grains can be determined. 

By confirming tiie halogenic compositions for at least 50 grains by tiie EPMA mettiod. it can be easily 
judged whether tfie emulsion is the emulsion according to tiie present invention or not 

The emulsion of the present inverttion shouM preferably contain grains having more uniform iodine 
contents therebetween. When the distribution of iodine contents between the grains is measured by the 
55 EMPA method, tiie relative standard deviation should be SO % or less, preferably 35 % or less, particularly 
20 % or less. 

Pr f rabi halogenic compositions of the silver halid grains having the phase structure of 3 or more 
phases of the pr sent invention are as descrit)ed betow. 
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TTie Sliver iodobromlde amulsion of the present Inventipn is a grain composed of the maximum iodin 
phase, the minimum iodine pliase and the intermediatB iodine phase therebeftween. the interrnediate being 
formed of one or more phases. Hie silver iodide contents in the maximum iodine phase, the minimum 
iodine phase and the intenmediate iodine phase theretyetween differ from each other. 
5 The silver iodde content in the maximum iodine phase should be preferably 10 mol©% or more, more 
pr f rably 15 to 45 mol %. particularty 20 to 40 mol%. The siiver iodide cont ntin the minimum iodine 
phase should be preferably 6 mole% or less, more preferably 0 to 3 moie%. The percentage of the 
minimum iodine phase in the silver halide grains of the present invention should t}e preferably 10 to 80 % 
by volume, more preferably 15 to 70 %, particulariy 20 to 60 %. 
10 The percentage of the maximum iodine phase in the ^ole grains should be desirably 10 to 80 % by 
volume, more preferably 20 to 50 %. 

The silver iodide content in the intermediate Iodine f^iase should be preferably 3 mole% or more, 
respectively, further preferably 5 mote% or more, resepctively. when it is represented in terms of the 
difference in siiver iodide content between the maximum iodine phase and the intermediate iodine phase or 
16 between the intermediate iocfina phase and the minimum iodine phase. 

The preferable percentage of the infermediate iodine phase in the whole grains should be preferably 5 
to 60 %, more preferably 20 to 50 %, 

The silver halide grains of the preset invention may comprise either normal crystals such as cubic, 
tetnadecahedrai, octahedral crystals, Iwin crystals or mixtures thereof, but preferably normal crystals. 
s» In the silver halide grains of the present invention, the maximum iodine phase may exist anywhere 
within the grain, but preferably as the internal nucleus (core) Internally of the grain. Also, although the 
minimum Iodine phase may exist anywhere within the grain, but it should preferably exist as the shell 
outside of the internal nucleus. One or a plural number of intennediate iodine phases may also exist 
anywhere wHhin the grain, but should preferably exist as the intermediate layer between the internal nucleus 
25 and the shell, also preferably exist inside of the Infernal nucleus, or can also exist in both thereof. 

The silver halide emulsion of the present invention is a silver lodobromide. preferably wHh an average 
silver iodide content of 5 mol% or more, more preferably 6 to 15 mol%. Also, siNer chloride can be • 
contained within the range whjch does not impair the effect of the present invention. 

The silver halide grains according to the pre^nt invention should be preferably the core/shell type 
30 emulsion, and as the preparation method thereof, those disclosed in Japanese Unexamined Patent 
Publications Nos. 177535^984. 138538/1985, 52238/1984. 143^1/1985, 35726/1985. 258536/1985 and 
245151/1986 can be used. That is. it is pos^ble to use a method in which the seed emulsion is grown 
according to the double jet method, while controlling pAg and pH. 

In preparation of the silver halide emulaon of the present invention, control of pAg during preparatioh is 
35 very important The pAg during growth of core should l)e preferably 6 to 10. while the pAg during growth of 
shell may be prferably 9 to 1 1 . 

The pAg change during fdrmatfen between the core and the shell may be varied either stepwise or 
continuously, but pref^ably continuously. 

In preparation of the silver halide emulsion of the pr^ent invention, the feeding method, stim'ng method 
40 or stirring condition during preparation Is very important Namely, feeding of (he reaction solutions should 
be preferably performed by a feeding method charactedzed by the following: 

A phirarity of feeding nozzfes are provided for one reaction solution in such a manner that said feeding 
nozzles are Immersed in the mother liquid in reaction tank and located adjacent to the mother liquid inlet of 
the stirrer provided In the tank, so as to give a homogeneous mixed solution in a shorter period. 
4s More specifically, as the feeding device or the stirring device, the device as shown in JafianesQ 
(Jnexamined Patent Publicafion No. 160128/1987 may be pFeferat>ly employed at a rotational number of 500 
to 1200 rpm. 

When the core/shell type silver halide emulsion is grovm starting firom the seed emulsion as in the 
method disclosed in Japanese Patent Publication No. 138538/1985, it can have a silver halide composition 
50 region different from that of core at the central portion of (tie grain. In such case, the hatogenic composition 
of the seed grain may be any desired comf^sition of silver bromide, silver lodobromide, silver 
chlorofodobromide, ^Iver chlorobromide, silver chloride, etc.. but preferably silver iodobromide with a silver 
iodide contsnt of 10 mo|e% or less or ^Iver bromkie. 

The ratio of Uie seed grain occupied in the whole silver halide may be prefisrably 50 % or less in 
55 volume, particularly 10 % or (ess. 

During growth of siiver halide grains, known solvents for silver halide such as ammonia, Uiioetiier, 
tiitourea, etc. can be permitted to exist. 

Silver halide grains can be added witii at least one metal ion selected from cadmium salts, zinc salts, 
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lead salts, thallkfln salts, iridiufn salts (including comp(e>i s). rt^odium salts (includino complexes) and iron 
salts OncludBng complexes) to incorporate these metal atoms intamalty of the grains and/Or in th surface 
layers of the grains, and can be also placed in a reducing atmosphere to impart reduced sensitizing nuclei 
into the grains or onto th grain surfaces. 
5 The silver halidd emulsion may hav unnecessary soluble salts removed or contained as such after 
completion of th growth of silver halide grains. When said salts are to be removed, removal can be 
practiced on the basis of th method described in R search Disclosure (hereinafter abbreviated as RQ) No. 
17643. Hen II. 

The silver halide grain may be any of the grain in which latent image is formed primarily on the surface 
10 or primarily Internally of the grain, and ttie size of the stiver halide grain may be 0.05 to 30 um, preferably 
0.1 to 20 um. 

As the silver halide emulsion tn the present im^ention, any of poly-dispersed emulsions with broad grain 
size distribution and mono-dispersed emulsions with narrow grain size distribution can be used. In 
practfdng the present invention. It is preferable to use a mono-dispersed emulsion alone or as a mixture 
rs after sensitization. 

In the present invention, the mono-dispersed silver halide emulsion may be preferably one in which the 
weigtit of silver halide grains having a grain size included within the range of ±20 % from an average grain 
size r as the owter corresponds to 60 % or more of the weight of all the silver halide grains, more 
preferably 70 % or more, further preferably 80 % or more. 
ao Here, tfie average grain size r Is defined as the grain size when the product of frequency ni of the 
grains having the grain size ri and rP, namely ni x ri^ becomes the maximum (effective numeral: 3 ciphers, 
the smallest cipher numeral of 5 and over being rendered to the next cipher). 

Here, the grain size ri refers to its diameter in the case of a spherical silver halide grain, while it refers 
to the diameter when its projected image is calculated as the circular image with the same area in the case 
2s of a grain having Other shape than Spherical shape. 

The grain size can t»e obtained by, for example, photograptting said grain by an electron microscope 
with enlargement to 1 0.000- to 50,000-(bld and measuring the grain diameter of the area when projected on 
the print (number of grains measured is made indifferently 1 ,000 or more). 

The particulariy preferabte highly mono-dispersed emulsion of the present invention has a broadness of 
30 distribution of 20 % or less, more preferably 15 % or less as defined t)etow: 

Standard deviation , ^. £«- • ^ ,o.^ 

X 100 « Fluctuation coefficient (%). 



35 



50 



55 



Average gram size 



Here, the average grain size and the standard deviation are to tte determined from ri as defined above. 

As a method for otrtaining a mono-dispersed emulsion, there can be mentioned a method in which a 
water-soluble silver salt solution and a water-soluble halide solution are added under control of pAg and pH 
into a gelatin solution containing seed grains according to the double jet method, in determining the 
addition speed, reference can be made to Japanese Unexamined Patent Publications Nos. 48521/1979 and 
49938^1983. 

As a method for obtaining a further highly monoKlispersed ernulsion. the growtii meth0(l in the 
presence of tetrazaindene disclosed in Japanese Uneixaminecl Patent Publicatkjn No. 122935/1985 is 
applicable. 

The ^Iver halide emulsion of the present invention can be chemically sensitized in conventional 
manner. 

The sihrer hailde emulsion of the present invention can be optically sensitized to a desired wavelengtti 
region by use of a dye known as ttie sensitizing dye in the field of photography. The sensitizing dye may 
be used afa3ne. fcHit two or more kinds may be also used in combination. 

In the silver halide emulsion, antifoggants, stabilizers, etc. can be added. As tiie binder for said 
emulsion, gelatin is advantageously used. 

The emulsion layer and other hydrophllic colloid layers can be hardened, and also plastidzers. water- 
insoluble or difficultiy soluble synthetic polymer dispersions (iatices) can be contained. 

In the emulsion layer of the light-sensitive material for color photography, couplers can be employed. 

Further, colored couplers having tiie effect of cotor correctksn. competitive couplers and compounds 
capable of releasing various fragments ttirough coupling with the oxidized developing agent, namely 
photographically useful fragments such as development accelerators, bleaching accelerators, d veh^pers. 
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silver hailde solvents, color controlters. film hardeners* foggants, antifoggants, chemical sensitizers, spectral 
sensitizers and des^sitizers, can be used. 

In the llght-5 nsitive material, auxtliary layers such as filter layer, halation prevently layer, irradiation 
preventiv layer, etc., can t>e provided, h thes layers and/or the emulsion layers, a dye which may be 
& flowed out from the light'^ensHive material or bleached during developing processing may be also 
contained. 

In the light-sensitiv material, formalin scavengers, brightening agents, matting ag nts. lubricants, imag 
stabilizers, surfactants, color arrtrfoggants, development accelerators, development retarders or bleaching 
aoceierators can be added. 

70 As the support paper having polyethylene, etc. iamlnaled thereon, polyethyleneterephthalate film, 
t>aryta paper, cellulose triacetate, etc. can be used. 

For obtaining a dye image by use of the light-sensitive material of the present Invention, color 
photographic processing conventionally known can be practiced after exposure. 

IS 

[Examples] 

The present Invention is described in detail by referring to Examples. 

Here, description is made about the present invention by preparing an emulsion of the core/shell type 
20 as an embodiment tnjt it has been also found that the effect of the present invention can be obtained even 
!n other embodiments (an emulsion containing stiver halide grains having an average aspect ratio of 11, or 
an emulskxi containing silver halide grains having 3 phases but having no layered (core/shell) structure). 

3 (Comparative example 1) 

As comparative emulsions, core/shell type emulsions £m-1 and Em-2 were prepared according to the 
method as disclosed in Japanese Unexamined Patent Publication No. 245151/1986. 

30 Table 1 



Erri No. 


Grain size 


Silver iodide contenT (mol %) 




Volurne ratio (%) 




(Hm) 




















Core 


Interrriediale 


Shell 


Whole 


Core 


Intermediate 


Shell 








shell 








shell 




Em-1 


2.0 


40 


5 


0.3 


11.1 


22 


39 


27 


Enrh2 


2.0 


50 


5 


0.3 


12.2 


22 


39 


27 



40 * values in Ibrmulallon 



With pAg during cof^ growth as 8,7 and pAg during shell growth as 10.2. pAg during growth of 
intermediate shell was continuously varied. ' 



(Comparative example 2) 

A core/shell type emulsion Em*3 was prepared according to the rnethod as disclosed in Japanese 
Unexamined Patent Pubfication No. 143331/1985. 



56 
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Table 2 



Em No. 


Grain size 
(urn) 


Silver iodici cont8nr(%} 


Volume ratio (%} 


Core 


Shell 


Whole 


Core 


Shell 


6nrh3 


2.05 


20 


0 


10 


SO 


50 



* values in formulation 



10 



IS 



(Example i) 

in the following, solutions were prepared to prepare the core/shell type emulsion Em-4 of the present 
invention. 



20 



25 



30 



35 



B-i 



pOsseih gelatia L6-6 g 

Polyisopropylene-polyethylene oxy- 

disuccinic acid ester sodium salt 

10 % methanolic solution 10 ml . 

KBr 1.4 g 

4-Hydroxy-6-niethtyl-l,3,3ar7-tetrazaindene 0,5 g 
56 % Acetic acid 175 ml 

28 % Ammonia water 351 ml 

Seed emulsion (monO"-dxspersed AgBrI 

emulsJLon with an average grains size of 

0.8 urn containing 2.6 mol% of Agl) corresponding 

to 0.678 mole 

^Added.with water to 6 liters 



{-Ossein gelatin 
I KBr 



25 g 
228 g 



50 



56 



7 
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B-2 



KI 



83 g 

4-aydroxy-6-methtyl'^l,3,3a,7-tetrazaindene 0.813 g 
^Added with water to 2.5 liters 



10 



f6 



20 



B-3 



B-4 



"Ossein gelatin 
KBr 
KI 



20 g 
775 g 
81 g 



4-Hydroxy-6-met htyl-1 , 3 , 3a , 7- tetr azal ndene 1 . 6 g 
L-Added with water to 2.0 liters 



Ossein gelatin 

KBr 

KI 



12 g 
498 g 
2.1 g 



4-Hydroxy-€-methtyl-l,3,3a,7-tetrazaindene 0.96 g 
■Added with water to 1-2 liters 



2S 



00 



35 



A-1 



A^2 



AgN03 

28 % Ammonia water 
^Added with water to 

•AgNOB . 

28 % Amniania water 
IrAdded with water to 



409 g 
383 ml 
2410 ml 

1352 g 
1267 ml 
2273 ml 



40 



The B-1 solution at 50 C was stirred at 1,000 r.pjn. by a stirring device shown in Japanese 
Unexamined Patent PybGcation No. 160128/1987. into this 8-1. tho solutions B-2 to 6-4 and the solutions A- 
1 to A-2 were added by the double jet method as ^own in Table 3. At tfiis time, pH and pAg were 
controlled by use of an aqueous KBr solution aid 56 % acetic acid also as shown in Table 3. 



4S 



60 



55 
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Tabfe3 



5 



to 



75 



20 



Time 


Addition speed of solution 


pAg 


PH 


(minute) 




ml/minute) 








B-3. A-2 


B-2,A-1 


B-4.A-2 






0.0 


6.4 






8.9 


8.8 


8.5 


7.4 






8.9 


ad 


23.1 


8JZ 


30.0 




8.9 


8.8 


35.8 




34,1 




8.9 


8.8 


51.6 




41.3 




8.9 


8.8 






46.9 






A A 


80.2 


16.0 


55.2 




8.S 


8.8 


101.1 


20.9 






9.4 


8.4 


120.8 


16.4 






10.0 


8.1 


144.8 


15.1 




15.1 


10,1 


7.8 


161.8 






15.0 


10.1 


7.7 


180.4 






15.7 


10.1 


7.5 


197.6 






17.6 


10.1 


7.3 



Table 4 



25 


Em No. 


Grain size 
(urn) 


Sliver iodide contenf (mol %} 


Volume ratio (%) 








Core 


Intermediate 
shell 


Shell 


Whole 


Core 


Intermediate 
^eli 


Shell 


30 


Em-4 


2.0 


20 


7 . 


0.3 


7-4 


21 


39 


27 



- values in formulation 



After completion of addition, desalting and water washing were performed in conventional manner. 
^ Thus, there was obtained an emulsion Em-4, which was found to have a crystal habit of mainly octahedral 
and a fluctuation coefficient of 14 % in the grain size (fistribution. 

^ Comparalivie example 3 

Em-5 was prepared according to the same procedurs as in Example 1 except for using a stirring device 
as shown in Japanese Unexamined Patent Publication No. 92523/1982. 

^ Example 2 



Em-6 was prepared according to entirely the same procedure as in Example 1 except for using the 
solution B-5 in place of the solution B-4 in &cannpie 1. 



50 



55 



B-5 



Ossein gelatin 12 g 

KBr 500 g 

4-Hydr.oxy-6"methtyl*l # 3 r 3a , 7-tetra2aindene 0 • 96 g 
*-Added with water to 1.2 liters 
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Tables 



Em No. 


Grain size 
(urn) 


SiKrer iodide contenr (mo\ %) 


V lume ratio (%) 


Core 


Intermediate 
shell 


Shell 


Who! 


Core 


Interm diate 
.shell 


Shell 


Em-8 


2.0 


20 


7 


0 


7.3 


21 


39 


27 



70 * values in formulation 



Em-6 was found to have a crystal habit of mainly octahedraJ and a fluctuation coefficient of 14 % in the' 
grain sijse distribution, 

&campie 3 

The states of tfte contents of silver iodide of the cores of the emulsions and the contents of silver iodide 
after grain formation in comparative emulsions Sm-l, £m>2, and Em-5 and the present ernulsions Em- 
4 amd Em-6 weie examined according to X-ray diffraction. The results are shown in Table 6. Also, the 
results of measurement of Em*4 after grain formation are shown in Rg. 1. 

Table 6 



Em No. 


Presence of core containing 
20 mol % or more of Agl 


Number of maximum of diffraction peaics based on 
X-ray diffraction measurement after grain fbnmation 


Bn-1 


X 


1 


Em-2 


X 


' - 1 ' 


Em-3 


0 


2 


Bnn-4 


0 


3 


Em-5 


0 


1 


&n-6 


0 


3 - 



Example 4 

40 The comparative emulsions Em-1, Em-2, Em-3 and Em-5 and the present emulsions Em-4 amd Em^e 
were chemically ripened in the presence of sodium thiosulfate, chloroauric add and ammonium thiocyanate, 
divided and added with sensitizing dyes I - V as describod below and 4-hydr6xy^-methyi-1.3.3a,7- 
tatrazaindene jas the stabilizer. By use of this emulsion, tfie respective layers with the following composition 
were fbrmed on a triacetyic^luiose film support succes^vely from the support side to fbnn a multl^layer 

4S light-sensitive color photographic material. 



Sampfe-tstandard) 

so Rrst layer: Halation preventive layer (HC-2) A gelatin layer containing black colloidal silver. 

Second layer; Intennedlate layer (I.L> 
A gelatin layer 

6$ Third layer: Low sensitivity red-^ansftiva silver halide emulsion layer (RL-2) 

A mono-di^3ersed emulsion comprising AgBrt containing 9 moie% of Agl with an average grain size ( r ) of 
0.80 urn (Emulsion A) and a monoKiispersed emulsion comprising AgBri containing 8 mole% of Agl with an 
average grain size of 0.4 um 
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(Emulsion) Silver amount coated 1 .7 g/m^ 
Sensitizing dy I 25 x 10^ mole per mole of silv r 
Sensitizing dye II 1 .3 x 10^ mole per mole of silver 
Cyan coupler (C-l) O.OS nrtoie per mole of silver 
5 Colored cyan coupl r(CC-l) 0.004 mole per mol ot silver 
OIK compound <D-4) 0.0005 mole per mol of silver 
Fouth layer : Intermediate layer (I.L) 

A gelatin layer 

10 Fiftti layer : Low sensitivity gmen-sensitive silver halide emul^on layer (GL-2) 
Emulsion A silver amount coated 1 7 g/m^ 
Emulsion B 

Sensitizing dye III 1.9 x 10~^ mole per mole of silver 
Sensitizing dye IV 1 .9 x 10"* mole per mole of silver 
75 Magenta coupler ) G.Q6 motet per mole of silver 

Colored magenta coupler (CM-1) 0.012 mole per mole of silver 

Sixth layer : Intermediate layer 0-I-) 
A gelatin layer 

20 

Seventh layer Low sensitivity blue^sensitive silver haCde emulsion layer (6L-2) 
Emulsion A silver amount coated 1.0 g/m^ 
Sensitizing dye V 4^ x iQr^ mplB per mole of silver 
Yellow coupler (Y-t) 0.06 mole per mole of silver 
25 DIR compound (0-4) 0.004 mole per mole of silver 

Bghth layer. Intennediate layer (I.L) 

A gelatin layer containing emulsified dispersion of D-4 

30 Nintti layer : Higii sensitivity red-sensitive silver halide emulsion layer (RH-2) 
Mono-dispersed (distribution 13 %) silver iodc^romide emulsion 

(Em-1) silver amount coated 2.1 g/m^ Sensitizing dye 1 1.3 x 10~* mole per mole of silver 

Sensiffzirig dye II 6.3 x 10"^ mote per mole of silver 

Cyan coupler (C-2) 0.015 mole pei* mole of silver .. . 
35 Cyan coupler (C-3) 0.015 mole per mole of silver 

Colored cyan coupler (CC-3) 20.002 nrwie per mole of silver 

DIR compound (t>4) 0.(M)4 mote per mole off silver 

Tenth layer : Intemiediate layer (LL) 

A gelatin layer containing emulsified dispersion of D-4 
40 Eleventh layenHtgh sensiti^ green?sensitive silver hafide emulsion layer (GH-2) 

Mono-dispersed emulsion (Em-1) silver amount coated 2.4 g/m^ 

Sensitizing dye III 7.0 x lO"' mote per mole of silver 

Sensitizing dye iV 7.0 x 10^ mole per mote of silver 

Magenta coupler (M-1) 0.020 mote per mole of silver 
45 Colored magenta coupler (CM-1 ) OX)02 mole per mole of silver 

Twelfth layer Gelatin layer containing emulsifited dispersion of J>A 

Thirteenth layer : High sensrtivity blue-sensitive silver halide emulsion layer (BH-2) 
so Moncdispersed emulsion (Em-1) silver amount coated 2.1 g/m^ 
Sensitizing dye V 1 .9 x 10''^ mole per mole of silver 
Yellow coupler (Y-1) 0.06 mole per mole of sitvei- 
DIR compound (0-1) 0.0007 mole per mole of stiver 

55 Fourteenth layer : First protective layer (Pro-3) 
Average grain size : 0.07 urn 
Agl 1 mole% AgBrI sijver amount coated 0.2 g/m^ 
A gelatin layer containing UV-ray absorbers UV-1. UV-2 
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Fifteenlh layer : Second protectiv layer (Pfo-4) 

A gelatin layer oontaining polymethylmethacrylate grain (diameter 1.5 urn) and fblmalin scavenger (HS*1) 



in th respective layers, in addition to the above composrtions. gelatin film hardeners {H^l) and <H-2). 
. and surfactants were added. 

The compounds contained in the respective lay rs of th sampi I are as follows: 
Sensitizing dye I : Anhydro-S.5'-dlchlQrih9-ethyl-3.3'-dH3-sulfdpro^^ hydroxide 
10 Sensitizing dye II : Anhydro-9-ethyl-3,3'-dK3"SutfbprppytH.5.4',S -dit)enzotMacart)Ocyanlne hydrox- 

Id© 

Sensitizing dye III : Anhydro-5,5'-diphenyh9-ethyl-3.3'Hjli-(3-sulfopropyl)oxacart)ocyanlne hydroxide 
Sensitizing dye IV : Arihydro-8-ethyl-3.3'"d*(3-sutfbpropylV5,6.5'.6'KlibenzooxacartK^ hydrox- 
ide 

15 Sensitizing dye V : Anhydn>-3.3'-<iH3-sulfopropylH.54}8n20-5'Hnethoxythi8cya^ anhydroxide 



C - 1 



20 



25 



(t)C»HM 




0-CHCONH 
I 

C«H. 



OH 




NiiCONH 




CN 



39 



C - 2 



35 



40 




CONH(CII,),-0 




-C»K,.(t) 



CsHMCt) 



0— NHCOClj - CH , COOH 



C - 3 



SO 




CpNH(CH,),-0-.^_C,„,,(o 



CsH.,(t) 
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CC-- 1 



10 



IS 



zo 



25 

D - I 

30 



35- 



4D 




50 
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H 



- 2 



C(Cll2-ClIS0jCH2)jCCIl2S02(C!lO23 »N(CHa)aSOjK 



10 



WA-1 



ClU 



15 



CH3-Si-0-(Si-0>ifSi-CHj 
I I I 

CH, CHi CH, 



n about 370 



Next, in the sample 1. in place of the silver halidd emulsion Em-1 in the 9Ih. tith and I3th layers, Em-2 
to Em-6 were us^ to prepare samples 2 to 6. 

The re^sective samples No. 1 to No. d thus prepared were subjected to wedge exposure by use of 
white light and then the developing processing shown below was conducted. 

25 

Processing step (38 * C) 

30 Color developing 3mln. ISsec. . 

Bleaching 6min. 30se& 

Water washing 3min. ISsec. 

Rxing 6min. 30sec. 

Water washing 3 min. 15 sec. 
3S Stabilizing 1 min. 30 sec. 

Drying 

The processmg liquors employed in the respective proces^ng steps had the compositions shown 



[Color developer] 

4-Amino-3-methyI-N-9thyi-N*(/8-hydroxyethyl)aniline«sutfate 4.75 g 
45 Anhydrous sodium sulfite 4.25 g 
Hydroxyiamine«1'»2 sulfate . 2.0 g 
Anhydrous potassium cartsonate 37.5 g 
Sodium bromide 1.3 g 

Nitrilotriacetic acid 3 sodium $alt(monohydrate) 2.5 g 
50 Potassium hydroxide 1.0 g 
(added with water to one liter) 



below. 



S8 



17 



EP 0 309 119 A2 



[Bleaching solution] 

Iron ammonium ethytenediamin tetraacetate 100 g 
Diammonium ethyl nediaminetetraacetate 10.0 g 
5 Ammonium bromid 150.0 9 . 
QlacicU acetic acid 10.0 ml 

(added wHh water to one iiter, and adjusted to pH ^6.0 with ammonia water) 



70 [Fixing aolution] 

Ammonium thiosulfate 175.0 9 
Anhydrous sodium sulfrte as g 
Sodium metasulfite 2.3 g 
IB (added with water to one liter, and adlusted to pH =6.0 with acetic acid) 



[Stat)ilizing sotutton] 

20 Formalin (37 % aqueous solution) 1.5 ml 

Konidax<8> (produced by Konishlroku Photo Industry) 7.5 ml 
(added with water to one titer) 



25 For the respective samples obtained, by use of blue light (B), green light (G) and red light (R). relative 
sensitivity (S) and grainlness (RMS) were measured. The resuKs obtained by use of green fight are shown 
in Table 7. 

Relative sensitivity (S) is a relative value of reciprocal number of exposure dosage which gives a fog 
density of 0.1 and shown as the value relative to that of W sensitivity of the sample No. 4 as being 100. 
30 RMS value was shown in terms of the relative value of the standard deviation of fluctuation of the 
density value which occurs when scanning is performed at a density higher by +0.3 than the minimum 
density by use of a microdensitometer having an opened scanning area of 250 um^. 

RMS value iridicalBs rnore effiectiveness, as its value is smaH^^ 

3S Table-7 



Sample No. 


Emulsion in 9th. 


Relative sensitivity of 


Graininess of green 




11th Of 13th layer 


green sensitive layer 


sensitive layer 


1 (comparative) 


Em-1 


68 


118 


2(") 


Em-2 


55 


121 


3(-) 


Em-3 


65 


113 


4 (this invention) 


Em'4 


100* 


100' 


5 (comparative) 


Em-5 


80 


105 


6 (this invention) 


Em^ 


100 


101 



As can be seen from Table 7. the sarnples Nos. 4 and 6 by uw of the stiver halide emulsion of the 
present invention cari be appreciated to be excellent in both sensitivtty and graininess. 

Also, for the red-sensitive layer and the bfue^nsitlve layer, similar results were obtained. 

Also, for the product in which the mono-dispersed emulsion in Em-4 was replaced with a poly-dispersed 
emulsion with a coefficient of fluctijation of 23 %, the effect of the present invention could be obtained. 

Further, an emulsion in which a diffraction intensity of the minimum value sandwiched between the 
adjacent diffraction peaks is 93 % relative to the weaker one of the adfacent diffraction peaks was prepared 
and sensitivity and graininess were measured similarly as in Example 4 to give the effect of the present 
invention. 
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Ctolins 

1. A light-sensitive silver halide photographic material having at least one layer of emulsion layer 
containing an emulsion which i a silver haiid pulsion containing silver lodobromide grains having 3 or 

5 more phases of stiver bromide or ^Iver iodobromtde with different compositi ns. said emulsion having, in 
the diffraction signal according to powdery X-ray diffraction, 3 or more diffraction maximums based on the 
diffracti n peak corresponding to the maximum Iodine content phase, th diffraction peak corresponding to 
the minimum iodine content phase and one or plural number of diffractibn peaks corresponding to the 
intermediate iodine content phase comprising intermediate compositions between said maximum iodine 

10 phase and said minimum iodine (riiase, and two or more diffraction minimums therebetween. 

2. The nght*sensttive silver haflde photographic material according to Claim 1 . wherein diffraction 
intensity corresponding to a phase which gives the highest intensity among the diffraction maximums is 1 to 
50 times rel^e to the diffraction intensity comasponding to a phase which gives the lowest intensity 
among tfie diffiractkm maximuins. 

fs 3. The light-sensitive silver halide photographic material according lo Claim t. wherein the diffraction 
rntensrty of the minimum value sandwiched between any adjacent hwo diffraction maximums is 95 % or less 
of the weaker one of the adjacent two diffractH}n maMmvms. 

4. The iight-sensftiye silver haiide p^c^raphic material according to Claim 1. wherein the relative 
standard deviation of the distribution of iodine contents between the grains is 50 % or less when measured 

20 by the EMPA nrathod 

5. The light-sensitive ^Iver haiide photographic material acconjing to Claim 1. wherein the silver iodide 
content in the maximum iodine content phase is 10 mole% or more. 

6. The light-sensitive silver halide photographic material according to Ctedm 1. wherein ttie silver iodide- 
content In the minimum iodine content phase is 6 mole% or less. 

25 7. The light-sensitive silver halkle photographic material according to Claim 1. wherein the percentage 
of the minimum iodine content phase in the whole grains is 10 to 80 % by volume. 

8. The fight-sensitive silver halide photogmphic material according to Claim t, wherein the percentage 
of the maximum iodine content phase in tiie whole grains is 10 to 80 % by volume. 

9: The light-sensitive silver haRde photographic material according to Claim 1. wherein tiie silver iodide 
30 content in the intermediate iodine phase is 3 mole% or more. 

10, The light-sensitive ^iver halide photographic material according to Claim i, wherein tiie percentage 
of Intermediate iodine content phase in the whole grains is 5 to 60 % by volume. 

11, The ligfit-sen^tive silver halide pfiotographic material according to Claim i, wherein the maximum 
iodine content phase exists as tiie inten^l nucleus internally of the grain, the minimum iodine content phase 

OS exists as the shell outside of the intemett nucleus and one or a plural number of tiie intermediate iodine 
content phases exist as the intermedial layer between the internal nucleus and tiie shell or inside of the 
internal nucleus, or in both thereof . 

12, The light-sensith/e silver halide photographic material according to Claim 1, wherein the sifs/er halide 
emulskin is a silver iodotvomide, with an average silver iodide content of 5 mol% or more. 

40 13. The light-sensitive silver halide photographic material according to Claim 1. wherein tiie silver haiide 

emulsions are a core/shell type emulskin. 

14. The light-sensitive sihrer halide photogra|>hic material according to Claim 13. wherein tiie silver 

halkje emulsions are prepared according to a mettiod in whk:h the seed emulsion is grown according to tiie 

dcMjble jet method, wNle controlling pAg and pH. 
45 15. The light-sensitive silver halide photographic material according to Claim 14. wherein the pAg 

during growth of core is 6 to 10. while tiie pAg during growth of shell is 9 to 1 1 . 

16. Tfie light-senative silver halide photographic material according to Claim 14, wherein the feeding of 
tiie reaction solutions in said double jet metfiod is performed according to a feeding method in whteh 
plurarity of feeding nozzles are provided for one reaction solution in such a manner that tiie feeding nozzles 

so are immer^ in tiie mother fiquid in reaction tank and tocated adjacent to tiie motiier liqukl inlet of the 
stinger pnovided in the tank. 

17. The fight-sensitive silver halide photographic material according to Claim 1, wfierein tiie size of the 
silver halide grain in tiie emulsion is 0.05 to 30 um. 

ia The light-sensitive stiver halide photographic material according to Claim 1. wherein tiie silver halide 
ss emulsion is a mono^dispersed one In which ttie we^ht of silver halide grains having a grain size included 
within tiie range of ±20 % from an averse grain size r as tiie center corresponds to 60 % or more of tiie 
weight of all the ^Iver halide grains. ) 
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FIG. 1 
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